Abstract. The aim of this study was to determine the role of internal sources of emissions on the concentrations of total suspended particulate matter (TSP) and its sub-fraction, so-called respirable PM (PM4; fraction of particles with particle size ≤ 4 µm) and to estimate to which extent those emissions participate in the formation of PM-bound elemental (EC) and organic (OC) carbon in two facilities -one beauty salon and one printing office located in Bytom (Upper Silesia, Poland). The average concentration of PM in the printing office and beauty salon during the 10-day measurement period was 10 and 4 (PM4) and 8 and 3 (TSP) times greater than the average concentration of PM fractions recorded in the same period in the atmospheric air; it was on average: 204 µg/m 3 (PM4) and 319 µg/m 3 (TSP) and 93 µg/m 3 (PM4) and 136 µg/m 3 (TSP), respectively. OC concentrations determined in the printing office were 38 µg/m 3 (PM4) and 56 µg/m 3 (TSP), and those referring to EC: 1.8 µg/m 3 (PM4) and 3.5 µg/m 3 (TSP). In the beauty salon the average concentration of OC for PM4 and TSP were 58 and 75 µg/m 3 , respectively and in case of EC -3.1 and 4.7 µg/m 3 , respectively. The concentrations of OC and EC within the those facilities were approximately 1.7 (TSP-bound EC, beauty salon) to 4.7 (TSP-bound OC, printing office) times higher than the average atmospheric concentrations of those compounds measured in both PM fractions at the same time. In both facilities the main source of TSP-and PM4-bound OC in the indoor air were the chemicals -solvents, varnishes, paints, etc.
Introduction
The quality of indoor air in different types of rooms depends among others on the physiological activity of people staying there, the type and intensity of the functions served within such rooms and the type and effectiveness of the ventilation system. In service facilities, where food is prepared (cooking, frying), or coal furnaces or fireplaces are being used for heating purposes, and most of all where people smoke tobacco, the quality of indoor air is much worse compared to outdoor one. These concern, among other, air pollution by particulate matter, PM, and especially its fine particles [1] [2] [3] [4] [5] . Fine PM particles freely migrate into rooms interiors, which means that their concentration in the indoor air should be similar (or greater) compared to its ambient concentrations (outdoor air). This tendency can occur depending on the presence and effectiveness of the internal sources of PM and other pollutants emission (eg. some gases reacting with each other and with PM components), room airing (preventing or promoting accumulation of PM inside the building) or the efficiency of room ventilation system [6] [7] [8] [9] [10] .
Due to the harmfulness associated with the emissions of different types of air pollutants in different factories and other workplaces, the concentrations of specific substances, including PM, are being routinely measured. However, there are many facilities, where, despite heavily polluted air, there is no standards or legal requirement warranting the assessment of this pollution. This anticipated, significant air pollution in the room interiors can be caused by both: the fact that such objects are located in highly polluted region, (where at certain, described above conditions the accumulation of indoor pollution occurs) and by the presence of internal sources of emissions. The need to recognize the quality of indoor air in such areas is objectively justified when both mentioned sources of emissions (the outdoor and the indoor one) are constantly present.
Silesia Agglomeration is one of Europeans regions with the most polluted air. Concentrations of PM and PM components in its urban locations in some periods are several times higher compared to those meet in the big cities of Western, Northern and Southern Europe [11] [12] [13] . Compared to other Polish and European regions Silesia region is also heavily industrialized and urbanized. Within the Upper Silesia Agglomeration, which consists of 14 cities, the total number of its residents exceeds 2 million people, more than 60% of the working population employed in the so-called services sector. Among service facilities, where significant internal sources of air pollution are normally found printing office and beauty salons are definitely the leading one. In such places, due to the nature of the performed services, a very high concentrations of various types of organic pollutants can be suspected. Given the fact that Silesia region is characterized by a very high concentrations of PM and relatively high concentrations of PM-bound carbon [13, 14] , and interesting topic was to recognize to which extent the activities carried out in such facilities enhance the formation and structure of PM-bound carbon compounds in the indoor air.
The PM-related Total Carbon (TC) consists of elemental carbon (EC) and organic carbon (OC) [15, 16] . PM-bound EC is mostly of primary origin, emitted mainly as a result of incomplete combustion of solid fuels, or the pyrolysis of biological material [17] , while the PM-bound OC in a one part consist of primary matter (primary organic carbon, POC), and partly is the product of the transformation of gaseous precursors in the air (secondary organic carbon, SOC) [16, 18, 19] . The sources of POC include combustion processess, including the combustion of: gasoline (in internal combustion engines), coal from biomass and also vegetation, including pollen, spores, crushed plant material, as well as bacteria and viruses [20] . The intensity of SOC creation depends on the direction and dynamics of the chemical reactions occurring in the air, in particular the transformation of volatile organic compounds (VOCs) [21] . The expected, significant emission of VOCs, but also PM-bound OC will probably occur in rooms where the printing is being carried out, using various 2 E3S Web of Conferences 22, 00147 (2017) DOI: 10.1051/e3sconf/20172200147 ASEE17 types of paints, solvents and but also laser printing, welding, etc. but also there, where different types of treatments and beauty services are being carried out using the chemicals rich in organic acids, phenols, hydrocarbons, alcohols, but also those requiring the usage of laser, milling machines, and so on. Such activities will influence not only the changes in the contribution of PM-bound OC and EC in the indoor air in relation to atmospheric air but also the contributions of POC and SOC in PM-bound OC.
The aim of the study was to determine the role of internal sources of OC and EC on the concentrations of PM-bound EC and OC in two facilities -one beauty salon and one printing office located in a city of Upper Silesia (Poland).
Materials and methods
To conduct this study, a single printing office and beauty salon were typed. Both were located in Bytom city (one of the 14 cities located in Silesia Agglomeration with an area of 69 km 2 and 170 thousand of inhabitants). Both facilities were located within the same housing estate, surrounded by the typical settlement, without any large source of emission in the closest proximity, like industrial/manufacturing facility or traffic artery. Selected printing office providing printing services like large format printing on a variety types of paper and films, but also other services like thermal treatment (welding) the edges of the selected products (banners, posters). The measurements campaign was conducted in a hall with an area of about 50 m ) and a toilet. The building has a natural ventilation system and two large (PVC) windows on each wall. In the summer, when the measurements were carried out the door between the hall and the office together with the exit door (emergency exits from the hall) and windows were constantly opened. All printouts from the machine are hanging to dry in the open air inside the hall, at the time when the machine is kept on a standby, for example when cyclical printing areas are sprayed with the appropriate solvent. The beauty salon is located in a residential building, adopted for service activities. Measurements were carried out in one among five rooms belonging to the salon (in each a different kind of treatments is being run) -the office, where pedicure and manicure are performed. The room has an area of about 30 m 2 . The room is equipped with a seat for customers and a beauty table. Measurements were conducted at a distance of approximately 3 m from the table. The building is equipped with a gravity ventilation and PVC windows, most of which are closed, and the room is ventilated only after the working day is end (after 18.00). During work a beautician uses miling machine, nailfiles, and a number of cosmetics containing hydrocarbons, alcohols, esters, phenols, and the like. Nail coatings and gels are cured under UV lamp.
PM samples were collected in the period of 18-31 July 2015 in the salon and in the period of 18-29 August 2015 in the printing office in a 8-hour cycles, usually between 10.00-18.00, (normal working day). All measurements were performed during summer period, because in winter the concentrations of PM and PM-bound OC and EC are overshadowed by the emissions from the combustion of coal and biomass for heating purposes [14, 16] ; this emission is very high in this region and masks the influence of other sources of PM and PM-bound carbon components. In each measurement site a set of two identical, calibrated PM samplers were used, one collecting (PM4) and the second one collecting (TSP). Such set was located inside the room as well as the outside. In this arrangement, at each measurement point within a single room, ten measurements were performed using Gilian sampling pumps (Sensidyne, St. Petersburg, FL).
Samples were collected on Whatman quartz filters (QMA, ø25 mm) (GE Medical Systems Polska, Life Sciences, Warsaw, Poland). The mass of a PM sample was determined by filter weighing on a microscale (resolution of 1 g) (Radwag; Radom, Poland) before and after the exposure. Before weighing, chemical composition on the filter was conditioned in the weighing room for 48 h under constant conditions (humidity of 45±5 % and air temperature of (20±2 0 C). After the collection of PM samples and gravimetric analysis, a 1.5 cm 2 fraction of each collected sample was taken for tests on organic carbon (OC) and elemental carbon (EC) contents using a thermal-optical method. The analytical methods including precision verification procedures, has been described in detail elsewhere [16] .
Results and discussion
Inside the beauty salon and printing office the 8-h concentration of PM4 and TSP as well as their carbon components (TSP-and PM4-bound OC and EC) were generally significantly higher than in atmospheric air. In both locations the differences in the 8-h concentrations between the indoor and outdoor were statistically significant (p <0.05 at passump.= 0.05; U Mann-Whitney test). Those concern both the PM fractions and their carbonaceous species. In the printing office the average concentration of PM4 and TSP in the indoor air was 10 times and 8 times higher compared to outdoor concentrations, respectively; analogous relationship concern beauty salon were this differences were 4 (PM4) and 3 (TSP) times, respectively - Table 1 . In case of TSP-and PM4-bound OC the ratios of the average concentrations of those fractions between the printing office's and a beauty salon's interiors and ambient air do not exceed 5; and for EC it was in range 1.66-2.83 (Table 1) .
In both facilities the impact of internal emission sources of PM and PM-bound OC and EC on their indoor concentrations was clearly marked. The 8-h concentration of PM and PM-bound OC and EC in both facilities were not correlated with the 8-h concentrations of PM and PM-bound OC and EC measured at the same time outside those buildings, which excludes the substantial influence of atmospheric air on indoor one (Table 2 ). In the printing office the effect of the internal emissions on PM and PM-bound OC/EC concentrations was much more pronounced than in the beauty salon and much clearer in case of PM than PM-bound OC/EC.
In the printing office the relative (compared to atmospheric/outdoor air) increase in the concentrations of indoor PM and PM-bound OC wasn't comparable. So, the increase in the concentrations of PM in the indoor air may be related to the workers and clients activities within the printing office, the erosion of different mechanical elements of the printing machine, and the emission associated with the processing of finished prints, etc. Thus, within such area the concentration of other than EC and OC components (like non determined in this work minerals, metals and metalloids, etc.), increase probably even greater (compared to the outdoor air concentrations). It is also very likely that in the specific conditions of high concentrations of ozone and ammonia typical for printing office interiors [22] and the free flow of sunlight from the outside at the same time (open doors and windows) the transformations of other than VOCs (the precursors of OC) compounds emitted during the printing and thermal processing of prints, like the precursors of secondary (inorganic) aerosol, ie. nitrogen oxides. The 8-h concentrations of TSP-and PM4-bound OC in indoor air in the printing office were not correlated with the 8-h concentrations of TSP and PM4, which confirms that the increase in the 8-h concentration of PM in the air did not proceed in same way as in case of 8-h OC concentrations (Table 2 ).
In the beauty salon, this situation was different. A strong and positive correlations between TSP and TSP-bound OC as well as in case of PM4 and PM4-bound OC testify that their 8-h levels grew at a similar (proportional) rate. In addition, an increase in the concentrations of PM-bound OC in indoor air vs. outdoor air was more pronounced than the increase in the concentrations of PM (Table 1 ). In case of beauty salon a strong and direct impact of emissions of various kinds of organic compounds that are components of the cosmetics were reflected by an increase in the concentration of OC bounded to both: fine and coarse PM (the contribution of PM4 in TSP in indoor air was about 65% - Table 1 and R2 for the correlation between the 8-h concentrations of PM4-bound OC and TSP-bound OC in the printing office came to 0.9 - Table 2 ).
In both facilities the effect of the internal activity on the concentration of indoor PMbound EC was strictly observed. In case of printing office it was probably the result of EC emission during the thermal processing of prints (welding) done on different kinds of foils (the correlation between the 8-h concentrations of PM4 and PM4-bound EC and the lack of correlation between the 8-h concentrations of TSP and TSP-bound EC). In the beauty salon interiors, the probably explanation for almost three times higher concentrations of indoor EC concentrations compared to outdoor ones for both fine and coarse PM is almost continuous use the incense and scented candles [23, 24] . Beside the influence of internal emission sources on the concentrations of PM and PM-bound OC and EC in the printing office and beauty salon, we also examined their impact on the qualitative composition of PM-bound OC, specifically the contribution of SOC and POC in the PM-bound OC in the indoor vs. outdoor. Because there is no simple method for separation of SOC and POC in PM-bound OC, 8-h concentrations of TSP-and PM4-bound SOC and POC in indoor and in outdoor air, for both sites, were computed from the formulas [25]:
where: OC and EC are 8-h OC and EC concentrations for the same fraction in each location; (OC/EC)min ís the lowest OC/EC for the same fraction in each location.
Both in case of printing office as well as in case of beauty salon the contribution of SOC in the OC was higher in the outdoor than in indoor air; this concerns OC associated with both PM fractions ( Fig. 1 and 2 ). Considerably higher contribution of POC in OC in the indoor air compared to outdoor one, in both analyzed cases, shows the direct influence of PM-bound OC and EC emissions on POC concentrations. The high concentrations of PM-bound EC in both areas contributed, among others, to the fact that the more volatile and semi-volatile compounds from the group of OC was adsorbed onto PM particles (rich in EC concentrations, and having large surface area). In the atmospheric air, during the conditions of strong solar radiation and high air temperature in the summer, these compounds undergo photochemical reactions, and forms the SOC. 
Conclusions
It has been shown that the indoor concentrations of total particulate matter TSP and the inhalable PM4 fraction in the printing offices and beauty salons, can be very high, and even up to 8 times higher compared to the outdoor ones. In the printing office this could be attributed not only to the internal emissions of PM-bound organic compounds but also due to the mechanical processes of the printing machines working inside such buildings. An increase in the concentrations of PM in the printing office could be also connected with the production of a secondary inorganic aerosol generated by the conversion of nitrogen oxides, ozone and ammonia which are constantly present in such service facilities in very high concentrations. The mentioned phenomena may be although just a seasonal effect (measurements were conducted in a very warm season of the year). In the beauty salons, where human activity is restricted to the hand movement of the beautician an increase in the PM concentrations depends on the emissions of a various substances used during the beauty treatments. The emissions of organic compounds related to the indoor activities in both service facilities significantly increase the contribution of secondary and primary matter, like SOC and POC in the OC mass. In both facilities, the contribution of POC in OC mass was much greater than in the atmospheric air. This is indirectly due to the relatively high concentrations of EC in the indoor air of both facilities and the adsorption of volatile and semi-volatile organic compounds on the surface of the EC particles.
